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Open wide spectrum of B hadrons
B, BY, B, B., L,, X, ... (unique)

bb cross section is 50-100 nb

~0(10°) larger than e‘e @; (4S)/Z°

~0(103) B's per second at design luminosity
(~10 B's per second at  (4S) factories)

BUT:

- B hadrons are hidden in a 10° larger

background (Sinelastic(pp) » 50 mb

- Events more complicated than at i (49

BRs for interesting processes: ~O(10-°)

- S/B @ production (Tevatron): ~10-?

- S/B @ production (B factory): ~10-6

Mean multiplicity of tracks/event: ~4 | (4S)

- Combinatoric background

- Events pile-up within the same beam
crossing: problem for the trigger

- Typical S/B @ analysis level: ~O(0.5+5)

Solution:
Vertex detector
+ frigger
+ Particle ID
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B physics with Run IT CDF

B physics signatures:

- QCD physics

- Quarkonium cross section and B fraction
down to O GeV, polarization

- B cross section; fragmentation

* CKM studies: CP violation and mixing
- B mixing, B® D, InDg

IV 4l: B® IND

DG;: B®J/ly f, Jlyh, InDg, DD,

CP asymmetry: B%(B/® hh

g: B® DK* B® DK

g: B% B® Kp, pp, KK

b: B® J/ly KO

- Properties of B, B,, L., etc
- Production, mass, lifetime

- Rare decays
- B® mK®, B%, B® nm
- Physics beyond the standard model:
B® em



® ; Tr'lgger's and data samples

New at CDF

Conventional

DiMuon (J/y)

2 central muons
Pr(m) > 1.5 GeV
Run I:
on J/y® mm

Collected ~ 70 pb-!

~ 0.5M J/y ® nmsignal

J/y modes down to
low P(J/y) (~ 0 GeV)

Dlsplaced track

+ |lepton (e, m)

;[ 1 muon/electron pr> 4 GeV
> 2 GeV Trigger |
2|l SVT IP>120 nm

il M(1-Track) < 5 GeV

:|| Collected ~70 pb-1

2l ~ 0.5M B® IX signal

il Semileptonic modes

1 other track pr > 2 GeV

2-Track Trig.

2 Tracks with py > 2 GeV
SVT IP > 120 nm
Pri*Prz > 5.5 GeV
Collected ~70 pb-!

~ 0.5M D%® Kp signal

Fully hadronic modes

- CP violation
- Masses, lifetimes

- Quarkonia, rare
decays

} - High statistics lifetime
: - tagging studies, mixing

- B¢ mixing

- CP asymmetry in
2-body charmless

decays
Secondary
Vertex

Decay Length o .~": B
0“‘ 3
Primary L%X’ PT(B) S GeV
d = impact parameter Vertex g ,.~"' L.y 2 450 nm
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I, Detector calibration:

p scale & B-field correction
MASS SCALE: M 5r = Mpps-DM(P)
Use J/y to correct for B field

and energy loss: Sanity check with
known signals:
s(scale)/scale ~ 0.02% 9
. 3105 180F CDF Run 2 Preliminary
Nes g IE}IZI‘F Run 2 Preliminary slgpe %1 60 }»
= MeV/e )/[GeVig] s
» 3100F Add B scale cor'r'ec‘rlon o 140¢
- _ N, 0.009 + 0.065 D o0t
= 3095} 3120}
o E — :
= - Tung misging material 0022 + 0.065 0100}
‘2 3090 oS 0.301 + 0.065 i 80/
= ;Cor'r'ecT for material in 602—
30855 GEANI,/’ ) 1.388 + 0.074 o
3080 - _
=" Raw tracks 20}
3075 . . (I S N BN S
0 5 10 9 10 i
pr of J/w [MeV/c] Y Mass [GeV]
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@ B masses in exclusive J /y channels

M(Bs) is alr‘eady the second best in 13 . | CDF Run Il Prelimina . "
the world (after CDF Run I) 2 = ’ } ik S ke
P L2 - * -1
Prerequisite: momentum scale was 2 =f B® Jy KO 18.4 po
precisely set (@0.02%) using J/y @ F k
sample (~200K events) -
. Very good S/B o
-B®Jy K Frmal, * 1 | |
_B® Jy KO (K¥® K*p ") JCRE RN A AR
. Bs® J/y f (f ® K+K-) B, candidate mass [GeWcZ]
CDFZ (M eV/CZ) DM/S o S CDF/S o ::: CDF Run Il Preliminary N(B*)=152.7+14.0
+ : | -1
Bu 5280.6 £1.7 +1.1 0.8 4.0 AB® Jy K* 1 | 18.4 pb
Bsg 52798 +19+14 +0.2 4.8 o A
Bs 5360338+, -2.1 19 4 | f 11 |
+ Statistics limited, but compare well w/PDG6 .|+ 1.1 #q'a ! il |
- Systematics already under control. ﬁﬁLﬁWH * B }'ﬂﬁ,ﬁhﬁﬁiﬁ
- Precise measurements, soonl! S 5.1 5.2 5.3 . 55

B* candidate mass [GeV/c E']
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B lifetimes (1)

v ot = Lyl gp Crucial: precise Secondary Vertexing
& = Px(B) / M(B) Silicon VerteX detector (SVX)
=Pt

CDF B Lifetimes
CDF Run I: full set of precise B-lifetime meas. RN AR R

Competitive with LEP (B°) o [1.51+0.05 ps
+ Inclusive: B® InDX, B® Jy X il # [1:66+0.05 ps
o
Large statistics, buft.. «B.) = [186£0:10ps
Final state not fully reconstructed
P+(B) has to be corrected from MC UBg)| o 0.46 + 0.17 ps

- Exclusive: B® Jy f,L,®Jy L
= g 1]

Small systematics (B*)/1(B°) ‘ 1.09 + 0.05

Limited statistics

05 1 15
Run II: x50 statistics ( 2fb-!, wider silicon & lepton coverage, hadronic triggers)

Improve measurements. Especially B,, B, Ly down to ~0.01 ps
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@ B lifetimes (2)

Heavy Quark Expansion
predicts lifetimes for

different B hadron species
t(Bo) <<t(X,°) ~t(L)
<t(BY) ~t(By <t(B)
<t(Xyp) <t(W)
— t(BY)/t(B% = 1.03+1.07

— t(BY/t(BY = 1.00+0.01
— t(L,)/t(B% = 0.9+1.0

(B )x(B") | Ml T 1.07410.014

1B )/t(B') }_,_{ 0.949+0.038

0.797:0.052

1(b baryon) H 0.783+0.034
s

N * B 5 R | L1 12

lifetime ratio

B*/B° and B./B° measurements
agree with prediction

Small discrepancy for L, lifetimes
— LEP + CDF Run I
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@ 1Inclusive B ® J/y X Lifetime

Candidates / 12.5 um
(&

CDF July 2002 (18 pb-1):
t=1.526+0.034+0.035 ps 1
PDG 2002: t=1.674+0.018 ps

-
N

L}
TTFT IIIHII T IIIHIII T IIIIIIII T TTTT
g )
1

o
-

Inclusive B lifetime with J/y's

B®J/yX from ~ 28.000 J/y® mmevents
ct = J/y (prompt + non-prompt) + non-J/y
ct(B) = 458 = 10(stat) + 11(syst) nm

PDG: 469 + 4 um
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CDF Run 2 Preliminary

Signal Region Events

Total Fit

Jiy Contribution

m— Background Contribution

u

o
o

2 - -
Jhy ct cm|




candidates per 50 um

Exclusive B Lifetimes

CDF Run Il Preliminary L =70 pb’ CDF Run Il Preliminary L =70pb’
- B* - J/iy K* e data E [ B,>Jiyo o dsita
E [ ] B ;
E [Jeusig) B o7 (exsig)
ct(Bkg,) a8 F ct(Bkg)
w L
10° - B ct(Bkg,) 2 [ Fit prob: 97%
e
Fit prob: 13% E 10 3
10 (& =
1 N i
1 B
E | | L | | | | 1

B*->Jfy K*
BO-Jfy Ko* (Ko - K*p-)
B.~Jly f (f 2K*K)

uncertainties @ Run I level

1-(Bs) _ . L .
T(Bd) - 0.89 i 0.15 ? ------- B ----- ’!El
t(B) _ ¥
KB, - 1.11 £ 0.09 B

-0.1 0.0 0.1

0.2

0.3

ct, cm ct, cm
CDF Preliminary
B* |1.57 £ 0.07 = 0.02 (ps)
B, [1.42+0.09 +0.02(ps
d (ps) Unique to
B, |1.26 + 0.2 +0.02 (pS) | Tevatron
~_ Simultaneous fitting of
MB’pB\ m

<K+>

ct:
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M;: Extract signal fraction

Extract the lifetime
¢t = LB / pr MBPDG

10



@ Conventional

S
=
~
-t
O
@
Cy
N,
<
@

N x10* CDF Run Il Preliminary, L=70pb -1 o x10°
S 4 . Jhy = uw = CDF Run Il Preliminary
(T te 510K signal g 51—
= | candidates -
0 o 2 I
o N 4
2. 51— a B
o o [
L o 3
g 5 |
— : > :
-g 3 w o
1] B B
o

F . Background is subtracted

1 . .

- e o

e ]
C | ) | A | . | ) |
ST 3.0 3.1 3.2 3.3 5 10 15 20

J/y Candidate Mass, GeV/c? P (J/vy), GeV/c

CDF triggers on stopped J/Y ® m p(m) 2 1.5 GeV/c, p(J/y )2 O
CDF can measure cross section down to p; = O

(first at hadron collider)

s(pp—Jly; pr>0; |y|<0.6) =240 = 1 (stat) = 35/28 (syst) nb
s(b® J/y X): in progress
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K+
B+
— M
1 CDF Run Il Preliminary, L=70pb"
o 120
0 B" = Jy K
> 640+30 signal
g 100 candidates
o
E_ sl va> 100um
m -
0
T
2
B
c
v}
0
I

5.20 5.25 5.30 5.3 540
B* Candidate Mass, GeV/c 2
B+-Jly K*

~ 640 signal events

(>1000 events with
loose selection)

Candidates per 5 MeV/c 2

Exclusive B ® Cl'l}/n Signals

m
K* K*
BO . p' BS — K_
m M
CDF Run Il Preliminary, L=70pb" CDF Run Il Preliminary, L=70pb"
T B UK | o 2 B, - Jyd
I 220+20signal | > b 74211 signal
i candidates g I candidates
40 L K
E_ 162_ L,, > 100um
30 o 14
I I
- E 12:—
20‘ ,E 10:—
| a 8
i 0 6
10 .
AT
GH 1 | + | | | 4 ot +| 5_\30 |

5.25 5.30 5.35 540

B Candidate Mass, GeV/c 2

53 540 545 550
B, Candidate Mass, GeV/c 2

BO->J/ly K*(=>Kp)
~ 220 signal events

Normalization mode
for sin2b analysis

B.~>Jly f (=KK)
~75 signal events

Golden mode for
DG, measurement
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® 8/B° from lepton+displaced track

CDF Run Il Preliminary Luminosity 60pb™ CDF Run Il Preliminary Luminosity 60pb ™ CDF Run Il Preliminary Luminosity 60pb™
o 240 o™ F
. - 1600
s | ¢ 2 200 * S |
D2500} +=0 D 5o0k D 1400} +Py-
=" B I'D X : 2 ' =" B— I'DX
) | . - *, I =
i 5 F +py - 1200
%2000_— 5 160 B-I'D X 270
! z Af - 2. 000k
D [ N(D°)=10508 +147 b 140p N(D “)=1470 = 55 21°%F N(D*)=5344 +111
1500__ d 120 800__
I 100
1000} 80} 600f
i s0F 400+
500 easee 40 i
1 20f- 200:
[ . | . | ! = - -
07 18 19 50 0Y435 0140 0145 0150 0155 016 0= ' T3 ' 5 ' 2.0
2 2
m(Kr) [GeV/c™] M(Kznr)-M(Kr) [GeV/c™] T m(Knx) [GGV/CE]
. . . . . Lepton
high statistics semileptonic B samples P

Excellent calibration samples for
B+/BO lifetime, tagging and B°mixing
B-ID%X (D%-Kp): ~10,000 events
B->ID™X (D**—>D%): ~1,500 events
B—ID*X (D*—~>Kpp): ~5,000 events
Run IT yields significantly larger,

lower lepton p; threshold possible
thanks to i.p. trigger
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@ B. from lepton + displaced track
B.® DJn® [f p] In® [[KK] pJin ONLY @ Tevatron

Yield/Lumi ~ Run I x 3, S/N ~RunI x 2

ARBITRARY UNITS

HIGH STATISTICS SAMPLE:

T(BS)

- Inclusive lifetime: = 1@B,)

* Mixing (moderate X.):

good S/N, limited time
resolution: back-up sample

0.50F
045

0.40
0.35
0.30
0.25
0.20
0.15
0.10

0.05F
0_00:. . J . L . L | L . ' . | 1 L .

Systematics of trigger bias

CDF Runll Preliminary 60 pb

Efficiency vs ct

0.0 0.1
ci(B) (cm)

| mw
/ |
[ me i
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3 250
O, . B, — lvDsX
&  Dy-dme-KK Jﬂ
2200+ N, : 385 + 22
% Np, : 112+ 19
2 +
2 5ol 385 + 22 D,
O
5 |1 (muon only)
2100[
= i
5054, ¢
ages Y
i ¥
0 | ! I ! | ! I !
1.8 1.9 2.0 2.1 2.2

Mass(K 'K )[GeV]

Lifetime: stat. ~ 0.07 ps (PD6:0.057 ps)
s Future: B, mixing (low Dm, case)
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@ L, from lepton+displaced track

Yield/Lumi =4 xRunI, S/N~2 xRunI

L b® L C|n® [prlln CDF Il Preliminary 60 pb
> 2202_Abaf\clv
* Branching Ratio 2 200 A.—pKn
1 d6 % 180[- Yield:640+60
- Measure eész £ 100
> -
2 - — W 140}
Q? = m(In) N
important for theory 100}
Experimental challenge: :
disentangle from decays w0
through excited baryons 20f
I 20 2.30 235 2.40 2.45

" pKn Mass (GeV)

| Lifetime: stat. ~ 0.12 ps (PD6:0.08)
Future: semileptonic form factor

0.5
Namanium (Sald
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Run I: ~20events B® Jy e/mn

M(B¢) = 6.40+0.39+0.13 GeV//c?
t (Bo) =0.46 515 +0.03 ps

Run II: better Mass, Lifetime, BR

Also exclusive channels: B(® Jy p
and fully hadronic: B{® Bsp

Y uri Gotra -

Events/10 MeV/c'

DIS 2003

Bc Gnd Lb

Lb® L+c| N
Run I [ \® Jy L (L ® pp)
t(L,) =132+ 015 0.07 ps

CDF Run IT Preliminary, L. = 65 ,;:nf!"r

Run ITI data

4£J'L

M, Candidate Mass (GeVicT)

Also hadronic modes:
Le® Lep (Lc® pKp)
Ls® pD%- (D°® Kp)
Lx® pK / pp
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1 Physics with

300 events in 65 pb-t: first
charmless B's at hadronic collider
BO ® h*h-is a mixture (1:4:2:0.5) of
B,® pp; B4® Kp; B® Kp; B® KK;
tree, BR~5x10-¢ penguin, BR~1.5x10-°
Strategy for disentangling channels:

- Invariant mass shape (s, ~25 MeV/c?)
- Kinematical variables

- Particle Identification

- COT dE/dx
- Oscillation of CP asymmetry

Can soon perform interesting measurements:
* Relative B. Ratios: B,® pp/Kp; B® KK/K

* Direct CP asymmetries in B,® Kp (self tagging)

B2 ® hth-

Events per 30 Me‘v‘/c

L
(=]
L]

230 =

200

150

100 |

50

0

P

* CP asymmetries in B,® pp (with b-tagging)

Later on: CKM angle g

Y uri Gotra- DIS 2003

400 g

350 =

L =65+4pb

||||||||||||||||||||||||||||||||||||

++ CDF Run 2 Preliminary

B —> h'h”
__ +++ 301+ 27 signal events |
+ Mean 5.241+0.004 CeV/c? |
+ Width 0.041+0.004 CeV/c™
+++ "
% ]

42 44 46 4.8 5 52 54 586 538 6

(pp inv.mass)
_CDF Il_simulation

Events per 25 Mev/c*
2

2

40

3 54 K& 56 B7 58
Mass () Geve?




@ Physics with the hadronic trigger

open access to fully
hadronic D and B signals

.
RS
o
et
»
.

Event Num./10 ptm

D's from
Primary Vertex

have d» O P | .:;'::

d(D) :
D-mesons Impact Parameter (d)
used to discriminate the two
components

Reconstructed large (0.5M) D mesons:
D*® Kpp, D°® Kp, D*® pD?, Ds® | p
D® KK, D® pp

Measured prompt D vs. D from B

Y uri Gotra- DIS 2003

—x
o
[

=
(]

CDF RunlI Preliminary

Inclusive D°
D' Knt

| Red Line: Contribution from B

002 0 0.02 0.04
D Impact Parameter [cm]

D mesons I.P. (d) distribution

B fraction
D%® Kp 16.4+ 0.7 %
D*® pDY° 114+ 1.4%
D:® Kpp  11.3+05%
D®j p 34.8+2.8%
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largest fully reconstructed sample -, -f

> =
® 20f

in the world: 74+11 events
Yield/Lumi = 2 x RunI
Expected in 2 fb-!: ~ 4000 events

CP asymmetry measures the weak
phase of Vis (angle s =2b;)
Expected to be very small in SM:
f¢» 2°P sin(2bs)» O(l ?) » 0.03

H.
]

s per5

2
©
o

Candi

Physics with B, ® J/y f

CDF Run Il Preliminary, L=70pb’

'IBf
163
14f
125
‘IOE

B, —»Jva
74111 signal
candidates

8
6
4
2
0

5+|50

5.35 5.40 5.45 ;
B, Candidate Mass, GeV/c 2

Complicated analysis: requires Xs and angular analysis to disentangle

CP even/odd final states

CDF II reach:S(sin(2bs)) » 0.1 with 2 fb™ (»0.03+0.06 with 10 fb™')

If asymmetry observed with 2fb™! ® signal for NEW Physics
»>We also want to measure the lifetime difference between two B,

mass eigen states: DG = B{'- B¢

Current limit (LEP): DGYGs< 0.31 (S.M.: DGG= 0.05 + 0.20)

Expected uncertainty: s (DG, / G) = 0.05

Y uri Gotra- DIS 2003
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140 T T T | T T T |

120

100

80

Events/10 MeV/c’

5.10 5.20 5.30 5.40
B’ Candidate Mass ( GeV/c'))

First steps towards
sin(2b) measurement

events (10 MeV/bin)

More B—J/y signals

CDF Run II Preliminary, L = 65 pb"r

B5+4pb”" February 26th 2003 CDF Run 2 PRELIMINARY

-Two Track Trigger Only

120

Yield: 311+ 25 events

B,— JI¥ K
J¥ = 1T

00—

B0

Sigma: 14+1 MeV

0

20p=

n_l [ | | I I | | I | | L1 1 | L1 1 | 11 1 1

Uncorr. Mean: 5.275 + 0.001 GeV

Bouy

3 a1 a2 53 a4 85

a6

Candidate Mass (GeV)

Two track trigger data (65 pb!)
Reconstruct hadronic B decays
— B*>Jy K*(Jy =>I*I): 311+25

hormalization mode

Y uri Gotra- DIS 2003
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‘ Hadronic Lb ® LC D signal
Lb® LCp® [pr]p 350|_ CDF F:-l:iP:;E::I-MmARY 65pb" |

g i A, > pTK @t
S T

240

w

40 events in 65 pb-1, largest fully
reconstructed hadronic channel

| CDF Run2 PRELIMINARY 65pb NO /20:

= - L
@D

5120:— A, —>pKn PID 10;

%1 00 S S (K ) Mass (Gev)
c

Q@

I pKpp Mass [GeV]

- Measure mass, lifetime,
polarization, t(L,)/t(B°)

60

40

*  More channels to be added
— I-b = chpp’ pDOp

20—

| 1 1 1 |
2.35 2.4

oKp Mass [GeV] = ke ™ LR
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Nunmix(.r) - Nmix(.r)

Amix(t) =

Nunmix(t) + Nmix(.r)

Ingredients for B° mixing

Dm./Dm,

= D>cos(Dm,t)

1. Reconstruct the final state (use fully rec. B°® Dsp™(3p))
with good S/B (thanks to precise tracking, vertexing, PID)

]

Measure proper decay time:

e = 20034004

Mived asyrmmetry N
] m

O
QO
|

|
s
m
|

I
—
S i

I
i
|

I
ra

Froper time {lifetime=)

ct

Current limit:
Drns 3 14 4 p3‘1

60 fs (SVX IT detector)

= by - ph-p@)/ME)
oo
_ 9L 48] .
r=ls) a8l
N\

/

Error on B momentum,
~ 15% (semileptonic)

45 fs (also Layer 00 is used) nhegligible (~ 0.5%) for

fully reconstructed
final states

3. Identify the flavor of Bsat production: B-flavor tagging algorithms

Yuri Gotra- DIS 2003
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@ First steps towards B’ mixing

B.® DLp ® [fp] p ® ([[KK] p] p

Fully reconstructed

-
=]
=

160

events (10 MeV/bin)

- -
= =1} =] = P
= = = = =
|III|III|III|III|III|I|H—rﬂ—H III|III

[n2)
=

B,

B,® D-p* control sample

[ 65+ 4 pb” February 26th 2003 CDF Run 2 PRELIMINARY]|

=

11

Yield: 413 * 40 events
Uncorr. Mean: 5.271 + 0.002 GeV
— Sigma: 20 + 2 MeV
Coovov v v Lo e by b gy
5.1 52 53 5.4 55 5.6

Candidate Mass (GeV)

is consistent with

events (20 MeV/bin)

45

40

35

30

2

20

15

10

Collect more data
and understand tagging

65+ 4 pb"' February 26th 2003 CDF Run 2 PRELIMINARY]

I D; Yield: 65 £ 20 events Dy Yield: 40 1 10 events
Uncorr. Mean: 5160 £ 20 MeV Uncorr. Mean: 5360 £ 5 MeV
Sigma: 67 + 21 MeV Sigma: 20 £ 4 Mev
! B> D!'x
Di—oor
p - KK

—_—
I | &
—_—

f

D, | D] % el 1] T2
| 1 1 1 | 1 1 1 | 1 1 I‘ | 1 1 I‘ | + 1 1 ’{&1 I+I 1 |
4.6 48 5 5.2 5.4 5.6 5.8
Candidate Mass (GeV)

More channels to be added
B® Dppp, D® K*K, KK, ppp

Y uri Gotra- DIS 2003
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® Angle g from B°® h*h- iDms/Dmd

BY® p*p - has two (comparable) decay amplitudes:

Tree U P€n9Uin b W+

. d
D vt L
b PR d 0 % ou,C,t s
BO \ - B < 'g....t‘$3%< -
{ 7} : )
d d \ d p
direct 2P 26 from mixing alone B0 ® 0P

Acp(t) — Acpdir COS(Dmd t) + Acpmix Sin(Dmd t) B:® K*K-

Acp?", Acp™* functions of g b, d, g (d ed» p/T decay ampli‘rude)

R. Fleischer (PLB 459 (1999) 306): Assume U-spin symmetry (d « s)

Similar relation holds for Bs® K"K~ (Dmd replaced by Dms)
The 4 asymmetries: function of g, band P/T amplitude ratio

Parameters: from fit of meas. of Acp(t) for B.@ pp and B® KK

Expected (2fb!) accuracy: s(g) = £10°(stat) £3°(syst) (SU(3) breaking effects)
Y uri Gotra- DIS 2003 24



@ B physics prospects .
(with 2fb-1) :

Y 6]

Both competitive and complementary to B-factories

The B physics potential is great and we expect:

> Bs mixing: B® Dyp(Ds3p) (xs up to 60, with x4 meas. one side of
U.T.), direct and mixing asymmetries in two body decays

> Angle b: B°® JlyKs (refine Run I measurement up to s(sin2b) » 0.05)

> CP violation, angle g: B°® pp(pK), B® KK(Kp), g at ~10° possible

> Angle b, and DG/G;: B®Jlyf (probe for New Physics)

> Precise Lifetimes, Masses, BR for all B-hadrons: Bs B, Ly ...
(CDF observed: B® Jly e(mn.
Now hadronic channels B® BsX can be explored)

» HF cross sections (beauty and charm)
By the end of Run ITb (~2008): "5 the statistics of Run IIa !

> Stringent tests of SM .. or evidence for new physics !
Y uri Gotra- DIS 2003 25



® Why do we care about Top?

The Discovery of the top quark in 1995 was no big surprise. What was surprising is
that its mass is almost 40 times that of the b quark, and tantalizingly close to the
scale of EWSB.

The Fermilab Tevatron has been the only place, and will be until the LHC turns on in
~2008, to study the top quark.

Everything we know about top is based on ~100 events from the Tevatron Run I.

Sy measurement: (Precision test of QCD, Probe for physics beyond SM)

Top mass:

‘Fundamental parameter of Standard Model (SM)

‘Affects predictions of SM via radiative corrections (BB mixing, W and Z mass,
measurements of M,,, m; constrains M) -

‘Large mass of top quark (Yukawa coupling » 1, jet /

may provide clues about electroweak symmetry P
breaking) o

With 30 times more top events, as expected in Run IIa:

> Why is top so heavy ?
» Is it or the third generation special ?
» Is top involved with EWSB ?

> Is it connected to new physics ?

Y uri Gotra- DIS 2003 i 26



@ Production and Decay of Top Quark

At the Tevatron, top quarks
are primarily produced in pair's
via strong interaction. Single
production via weak interaction

not yet observed * gq annihilati on (90%)
tiop~ 4 x 10-% s

L-1~ (100 MeV)! ~10-38 s
Top decays as free quark! CDF Run I: d_dt »109 pb!
BR(te Wb) @100% 1 (~300 top candidates)

9 ggfusion (10%)

910/
£170

s, (vVs=196TeV)»1.30" s, (vVs=1.8TeV)

44%

15%
M tau+X
M mu+jets 1% 3% 196 15%
[ e+tjets

He+e

He+mu

O mu+mu

B all hadronic
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@ s dilepton cross section

Event selection
- 2 High P+ (P+>20 GeV) oppositely charged leptons (e,m).
- Both isolated: I, < 0.1
- Veto Z's, cosmics, and conversions
- Neutrinos: large missing E+ > 25 GeV
- at least 2 jets with y’T > 10 GeV
- Total transverse energy of the event > 200 GeV

BR~5%, detection efficiency ~ 11%

5 candidate events in 72 pb-!

(Run I: 9 events) s;7=8.2+ 4 pb

Backgrounds: Drell-Yan, Z°->tt, WW : 0.30+0.12

Disadvantages low yield, difficult to measure M,
accurately

Advantages high S/B ~8
4 )
Sy=132+59,, +15,,+08,,pb
NLO @ Cs=1.96 TeV for

— 175 Cce\/* /& 70)+0.71 0]
Y uri Gotra- DIS 2003




@ s;: lepton + jets cross section

CDF Run IT Prehmlnaﬂ

Event selection

*  One high momentum, central, isolated lepton,
P; > 20 GeV/c, e or m

- Veto Z's, cosmics, and conversions.

*  Neutrinos: large missing E; > 20 GeV

+ 3 or more jets with E; > 15 GeV

* At least 1 jet with secondary vertex tag
15 observed events in 57.5 pb-!

Backgrounds from Wbb,Wcc, mistags, Wc, non-W
(fake lepton): 3.8 + 0.5

+0.71 ;
NLO 6 7 -0.88 pb

ihep—bM03b3085(ML Mangano et al))

v Lower S/B»1:6 for W+3 3 jets o s Tho 4 20 2530 35 a0 4
v b-tagging improves S/B»3: °a(PP)
v Higher statistics —_
. $7=53+219,.+0 0. b

v Essential for M,,, (2 b-tags jets) [ t stat = SYS 3”"‘ P
ETE "~ CDF Preliminary .
= . MRST PDF
Fos ) CTEQ6 PDF
'& 6 Theory results from M. Carriari etal.
35.5 | Mgy = 175 GoVIcE My 2 < < My
3
Q45
4 Runl Run 2
535

31.5 16 17 18 19 2 21 22 23 24 2|.5

Tevatron energy (TeV) Y uri Gotra- DIS 2003



@ Top mass: lepton + 4 jets

METHOD

Use 2C constrained fitting technique with
constraints
* m(In) = m(qq) = my, -
 m(Inb) = m(qqb)
PDG: My, Gy, G
24 combinations:
12 correspond to the jet-parton match
every combination has 2 solutions for
neutrino P,

Choose combination with lowest C2.

b-jet

= D vertices
20 constraints

Improvements to DM
Statistics:
v"  Increased b-tag acceptance
events with b-tag reduce combinatorics
v' Choose best measured events
Jet Energy Scale:
v" Use control samples (Z® bb W® qq) to
reduce systematics

v' Jet energy flow techniques
Yuri Gotra- DIS 2003 30
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Top mass

CDF Il Preliminary (72 pb )

2
10, Miop =171.2 £13.4 + 9.9 GeV/e
ED Dots (23 avants) oaf
ED Background uizi
% Bokg+Signal g 2-65& y

Events/(15 GeV/c’)
- N W E OO~ 0 O

\

m=174.3+ 5.1 GeV/c?

Run | CDF+D0 combined:

\ dominated by jet energy
measurement

e

bl il TR B
160 155 170 175 130

Top Mass (GeVic )

Tl PR T AW
135 130

Run 2a expectations:
DM;,, = t2-3 GeV

O

Use a continuous likelihood method to extract top mass and
statistical uncertainty

M

top

100 150 200 250 300 '3'562"
Reconstructed Mass (GeV/c )

P

is the minimum of the log-likelihood distribution

S1op COrresponds to a change of 0.5 units in the log-likelihood

Y uri Gotra- DIS 2003
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Physics with large top samples

Otop quark mass measurements (within 2-3 GeV/c?)
[+t pair production cross section (within 8%)
Usingle top production cross section

O+t spin correlations, studies of top polarization
Qrapidity of t+ system

Omass of tt system .

dsoft gluon radiation in tt events

AW helicity in top decays

Qsingle top production = |V, |

(any anomalies in the above studies

Urare decays...

LONEW PHYSICS ?

~800 b-tagged tt lepton+jets events in 2pb-!

With larger samples (later this year) we will be able to
extend our Run I searches for extensions to the SM

Y uri Gotra- DIS 2003
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I, Summary

Run IT CDF collected ~100 pb of data for heavy flavor physics

(Run I total: 110 pb1)

Detector is well calibrated, mass scales and vertexing resolution are
understood, Run I physics signals are re-established. Some of the
systematic uncertainties are still conservative. Will be reduced in future
Impact parameter trigger: huge/clean semileptonic/all hadronic B signals

dThe SVT = great success:
Qunique @ hadron collider
CDF as Charm/B factory
QForward detectors = diffractive physics
Great heavy flavor physics potential, we have results on:
- Masses, lifetimes, production cross sections competitive with Run I
[dWe are preparing for high luminosity:

- Promising perspectives for flagship analyses: studies of B, B, CP
violation, B, mixing, DG,, L, charmless B-decays and other topics unique
to Tevatron are in progress.

Lots.of heavy flavors_at CDF, stay tuned for new exitin

NSNS y“~§\\\ S —
Y uri Gotra DIS 2003
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’ Heavy flavor results from CDF Run II: B physics

+ Run IT CDF collected ~100 pb-! of data for heavy flavor physics
+ Masses, lifetimes, production cross sections competitive with Run T
+ studies of B, B, CP violation, B, mixing, DG,, L, etc are in progress

Lepton + displaced track

Two track trigger

\ CDF Run 2 PRELIMINARY 65pb’

Dimuon trigger

CDF Run Il Preliminary, L=70pb’

250

200~

Number of Candidates / 0.01 [GeV]

| Bg— IvDsX
D, — ¢m, 0 » K'K

CDF Runll Preliminary 60 pb ™

h N, :385+22

a
[~]

Ay > AL T .
A, —>p K wt

nts/0.02 Gev

N

DEH |

L, ®
1!

20—

T
>

F

H‘Lgp

Normalized B° reflection

10

CDF2 (MeV/c?) Scpr/Sepc

52806 +1.7 +1.1
52798 £19+14 438

82

5.6

2.2

4.0

w0 B® INDX
100}
50_ +++
0% 19 20 21
Mass(K K n)[GeV]
Mass
By
Bd
Bs

5360.3 +3.8 +

1.9

ol on MC study
;_A_A_A_‘_A_A_A_A_‘L
e L

5.7

Yuri Gotra- DIS 2003

B.—>Jwo
74111 signal
candidales

5.8

(p'K ') Mass (Gev)

5.40

545 X
B, Candidate Mass, GeV/c

535

Lifetime
B* |1.57 £ 0.07 = 0.02 (ps)
B, |1.42 + 0.09 + 0.02 (ps)
B, [1.26 + 0.2 + 0.02 (ps)
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‘ Heavy flavor results from CDF Run II: top quark

+ We have reestablished the presence of the top quark in Run IT

+ Cross sections in dilepton and lepton plus jets channels are in
agreement with the SM expectations

+ The 11 events show mass compatible with the run I measurement

+ The Fermilab Tevatron has been the only place, and will be until
the LHC turns on in ~2008, to study the top quark

Ve

Dileptons ' 5:=132+59,, +15_ +0.8,. pb

Lepton plus jets [ Sg=93%1.954%0.8,%0.3,,,pb

8 ¢ - CDF Il Preliminary (72 pb '
= CDF Prel b 4 P )
275 L e Dala M, . =171.2 = 13.4 + 9.9 GeV/c”®
= wy MRST PDF L | rep—
k=] 9 Backgraund g 4
Tes 1 CTEQ6 PDF . . = I /
' & Theory results from M. Carriarietal. s 8 I e = ot
T 0 M, = 175 GeV/ic® M, /2 <yt < M = 7F .
55 i = e = 8 ef A
|:_? 5 ﬂ 5 i_ Top Mass {(GeVic )
§4.5 :‘_,2“ aE
3F
T = g
835 w2
1
15 16 17 18 19 2 21 22 23 24 2 E = : o —
: 9io0 150 200 250 300 350

Tevatron energy (TeV)

Y uri Gotra

Reconstructed Mass (Ge\h‘cz)
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Backup Slides
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‘ Our machinery at Fermilab

rT—ce——

Tevatron

:r_-—- _i.._-: ey

T
Main Injector
(new)

Y uri Gotra- DIS 2003



® Tevatron p*p- collider

Main Injector (new injection stage for Tevatron)
Ability to accelerate and deliver higher CDF Im‘egr'a‘red Luminosity

intensity of protons };W_JWM o o g i j% 03
More efficient anti-proton production 130 pb "y dellvere d) |

Collision rate: 396 ns crossing time ; 60? 100 pb" 1 (to tape) /
(36x36 bunches) > ~ 2M collisions/sec “ B/Charm: ~ 70, pk:’l ._ﬁ'f
Center of Mass energy: 1.96 TeV 0 0} ;r";f,r‘ﬁ

S A o

u . Ef’f; J'f

Today: luminosity ~4.0 x 103 cm?st | s

4 to 7 pb-1/week delivered f Maro%j-- o

Goal: luminosity: ~1032 cm-2s-! lECO"‘miSfl % J
In This Talk: r'esurrs Wi.rh 70 pb-l for‘ CDF Lt“”f(ﬁirf llm‘cg | I:W;UOI:‘ ‘1400‘: ‘15:';0‘ :18‘57\3 | 20%@ IZ29T; |
Store Number
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It What is New at the Tevatron

v Main Injector: new injection stage, more ﬂ\ MAIN INJECTOR
efficient anti-p transfer to Tevatron ring - Kﬁgcm N
v' Recycler: new storage ring for reuse anti-p ﬁﬁ-—_..,z\\
J \ TARGET HALL
v" Higher collision rate: 396ns crossing time AN\

\\ \ SOURCE

(36x36 bunches) N W, %..

/N BOOSTER
major upgrades in detector, electronics and ,j — o ‘g/ LNAC
tri gger Il f / " COCKEROFTWALTON

v Slightly higher C.M. energy: 1.8 > 1.96 TeV g ,f;:;,w

v" Higher Inst. Luminosity: 5-10 times higher ummg/f Zeson
than in Run 1

Run plans: Run 2a: L=5-8" 103cm2s!
(L =10-20 " 10%cm 2 s!, with Recycler)
Total intfegrated L = 2fb-! 2002

Run 2b: Total integrated L = 6 - 10fb-! ...2008

Y uri Gotra- DIS 2003 39



10_6fOBNprb(6brgr)

2pb” (ep+ €p)

Accelerator parameters:

Tevatron status and goals

H(s /b7 (103 cnr2 sl

Y uri Gotra- DIS 2003

Now  |Run2a | units Integrated Luminosity (fb!)
best goals
Protons/bunch 211 270 10° FY Base Stretched
Pbar / bunch 26 30 10° 2002 |0.08 0.08
Peak Pbar prod. 130 200 109/ hr 2003 |0.20 0.32
Pbar: AA® lowb | 0.60 0.80 2004 |0.40 0.60
P emittance 20 20 Pmmmrad | | 2005 | 1.00 1.50
Pbar emittance 18 15 P mm mrad 2006 1.50 2.50
P bunch lenght 0.61 0.37 m 2007 |1.50 3.00
Pbar bunch lenght | 0.54 0.37 m 2008 1.80 3.00
Max. Lum. 3.8 8.0 1031 Total |6.50 11.0
Integrated Lum. 6.7 16 pb1/ wk

40



I, Tevatron Performance

Tevatron operations e

350E431

- Startup slow, but progress steady !
* Now: L ~3.5 x 1031 cm-2s! =

integrating ~ 6. pb-!/week
. still factor 2-3 below planned values

0ddl'|'|0hC(| improvements (~10-20%)
expected from Jan. 3weeks shutdown

1.00E+431

CDF operations

- Commissioning: Summer 2001 180 —

* Physics data since February 2002
» Running with >90% Silicon integrated
since July 2002
Luminosity (on-tape):
» ~20pb! until June (analyses in this talk
» Additional 90pb-! July - December
» Reach 300- 400 pb-! by October 2003

Y uri Gotra- DIS 2C

vlntegrahad luminasity [pb

Initial Luminosity

3.8 x 1031

Pa—
&

ik oy
a i

R T

250E+31

m 20x Average

—t200e+31 &

3
BB
[}

[
o

-k

1.00E431

5.00E+30

r 0.00E+00

On- ’rape LumanSI‘ry

110

pb 1 1

a

Ojul 07 01 0ct01,01 Dec 31,01 Apr 01,02 Jul uz,nz oam,m Dec31,m
Date
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& CDF Dete

- r‘ e k .-- ii‘ L = =t ¥ [} —
= i e F — 1
S, T, — ot b

er ( T) ToF counter for K/p separation
-“".:-g Placed right before the Solenoid

¥
1:.‘- ¥

ctor overview

- - —

New Central Tra

I [ | i i LA g
——d . L_‘:" 1

2 ##. =k " b F

k .- F »
T L L kr'.'._-

New Plug Calorimeter

[,

f SVX: Acceptance increase
|z, <30 = 45 cm

LOO: Vertex resolution

4 ISL: |h| < 2.0
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@® CDF Detector in Run II

Inherited from Run I: N
Central Ca|or‘ime1'er (Ih|<1) Wall Calorimetgr (H) S
Solenoid (1.4T) —

Central Calorimeter (EH)

Flug Calorimeter I[EQ‘J

o Forward I 4 -—'—'__ i
Partially New: 08
Muon system (extended to |h|~1.5) (=

Completely New:

Tracking System
- 3D Silicon Tracker (up to |[h|~2

Farward Calarimeter (E)

- Faster Drift Chamber N
Time-of -Flight (particle ID) ] Time of g

| || Er:m.rat Outer Tracker

Plug and Forward Calorimeters TR O Dtac

Intermediate Silicon

DAQ & Trigger system (Online Silicon Vertex Tracker: trigger
on displaced vertices, first time at hadron collider)

Y uri Gotra- DIS 2003




5 Quadrant of CDF II Tracker

m 4
20 - TIME OF FLIGHT n=1_o

END WALL
HADRON

CAL. 3 O

1 Tsouenon ]

i

L _ E g N=2.0 COT : large radius (1.4 m) Drift C.

- ’ 1§ 96 layers, 100ns drift time

] 5 g n=3.0 Precise Pt above 400 MeV/c

— ] 3 ) Precise 3D tracking in |h|<1
o T S (1/Pr) ~ 0.1%6GeV 7 S (hit)~150mn
0 W 1.0 2.0 3.0 m » dE/dx info provides 1 sigma K/p

LAYERO0O  SVXII  INTERMEDIATE SILICON LAYERS separation above 2 GeV

Y uri !otra- DI!!!!I 45



@ CDF II Trigger System

3 levels : 5 MHz (pp rate) ® 50 Hz (disk/tape storage rate)
almost no dead time (< 10%)

"EXtremely Fast Tracker”

/’

]

XTRP |

L1 L1
CAL TRACK

e e s =
A—””’
/ . x

GLOBAL
L1 v

L2
CAL

Y
GLOBAL

N

LEVEL 2

TSI/CLK

2D COT track reconstruction at Level 1
* Pt res. Dp;/p%; = 2% (GeV-1)
- azimuthal angle res. Df =8 mrad

_. Matched to L1 ele. and muons

—"|  nmmp enhanced J/y samples

"Silicon Vertex Tracker”
precise 2D Silicon+XFT tracking at Level 2

* impact parameter res. S 4 = 35 nm
Offline accuracy !l

ol

CDF IT can trigger on secondary
vertices |

A

i Select large B,D samples !l
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@ CDF Trigger System Overview

. CI"OSSiﬂQ: 396 ns: 2.5 MHz Dataflow of CDF "Deadtimeless”
Trigger and DAQ

Level 1: hardware
- Calorimeter, Muon, Track
- 15kHz (reduction ~x200)

L1 Storage

Pipeline:
42 Clock
Cycles Deep

Level 2: hardware + CPU
- Cal cluster, Silicon track
- 300 Hz (reduction ~xb) L2 suters:
Level 3: Linux PC farm
- ~ Offline quantities PAQ Buers
- 50 Hz (reduction ~ x6)

L1 Accapt

C Leveld.
7.6 MHz Synchronous pipeline
L1 trigger 5544ns latency

<50 kHz Accept rate

‘ Level 2:

Asynchronous 2 stage pipeline
L2 trigger ~20us latency
300 Hz Accept Rate

% L2 Accapt

—L—

L3 Farm

I

Mass
Storage

Y uri Gotra- DIS 2003

L1+L2 rejection: 20,000:1
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@ Ssilicon Vertex Tracker (SVT)

‘Level 2: Silicon Vertex Trigger *Increase physics sensitivity of the
-Use silicon detector information pun IT CDF

*6ood IP resolution - CDF as "Charm Factory”

*Trigger on displaced track + Millions of D's per 100 pb-t
- beamline reconstruction - Collect Hadronic B sample

‘update every ~ 30 seconds *‘No Lepton required in final state
~-IP resolution: ~ 50 nm -B, physics (mixing in D,p)

* 35mm beam size + 35mm SVT - Higgs/new particles decaying heavy

(b clmd c) quarks

F 2
= > - <
- P2 GeVie; Asvr = ° Run Humber = 160541 Las1 Updatad al = 2003/03/24 16:37-52 1

= 18('.(:'0:—..3‘:| =47 um
™ 16000

« 14000
- L
[3] L
£ 12000

10000

Wedge
I

8000
6000

4000}

2000

L . Ly Lo T R
-800 -400 -200 0 200 400 600
SVT d,, (um)
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Dsvr: Triggering on impact parameters

COT track ( 2 parameters) | | 5 SvVXcoordinates
e : PN
" \\ / \l:n,_
s A i
A Y \

~150 VME boards

NG
. ¥
\
i

e

d !
\
|

o
\A/’ beam spot

Impact Parameter
(transverse projection)

» Combines COT tracks (from XFT) with Silicon Hits (via pattern
matching)

- Fits track parameters in the transverse plane (d, f, Pt) with offline res.
» All this in ~15ns |

» Allows triggering on displaced impact parameters/vertices

» CDF becomes a beauty/charm factory
Yuri Gotra- DIS 2003 49




® B triggers: conventional

s(bb) / s(pp) » 103 II‘ Need specialized triggers

CDF Run I, lepton-based triggers:

> Di-leptons (Mm Pt3 2 GeV/c):B® J/y X, J/y ® mm
> Single high Pt lepton (3 8 GeV/c):B® InD X

Suffer of low BR and not fully rec. final state

Nevertheless, many important measurements by CDF I:
B, mixing, sin(2b), B lifetimes, B. observation, ...

Now enhanced, thanks to XFT (precise tracking at L1) :

* Reduced (2® 1.5 GeV/c) and more effective Pt thresholds
* Increased muon and electron coverage

* Also J/y ® ee

Y uri Gotra- DIS 2003
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® B triggers: New !

Secondary
Vertex

COF 2, displaced tracks triggers: oy iengn.i B

Lxy o ¢
Trigger on tracks significantly . y / Pr(B) ® 5 GeV
) . rimary g, i
displaced from primary vertex  Vertex ®., 7 Lx * 450mm
/ "¢ <d> 3 100 nm
Made pOSSib'C by SVT: d = impact parameter

precise meas. of track impact parameter at Level 2
2D Secondary Vertices reconstructed online |

» Two displaced tracks (d > 100nm, Lxy cut, Dj cut)
» All hadronic B decays: B® pp(KK), Lo® pp(K), Bs® Dsp(3p) ...
* Lots of prompt charm mesons !l

> Lepton plus displaced track
- Semileptonic decays at Lower P+ (3 4 GeV/c)
* Rare B decays .. yuicotra- pis2003 51



& “All Hadronic B triggers"

Level 1: 2 XFT tracks

P> 2 GeV
Dj <135°
Pri+Pr2>55
“Two body decays” |[1/100]  [EMultibody decayst
h* Level 2
BO h 7\
d > 100 nm d > 120 mm D
20° < Dj < 135° 2° < Dj <90° B
Lxy 2 200 mm L 3 200 mm
B°® PP dBy< 140 mm ’
B°® K
B:® K IF() 1/1000 Bs® Dsp
) B<® Dsppp
Bs® pK Level 3 | 2 ® D K/
Ly ® p p(K) SAME with refined tracks ] ; P
& Mass cuts +Lots o

Y uri Gotra- DIS 2003 promp‘r Charm decays 52



@ XFT performance

Event : 136172 Run : 103584 EventType : 0 TR1G: Unpr. - Fired bits: 1.44.21.23, Pr. - Fired bits: 44, | Myron mo

Tt on ot 1.5 GeVie
\ i}
[ \ XFT found
oE

XFT N

track

reco track

Pt = 2.73 Ge\

Offlme

" mww

b Efflc:Iency curve:
XFT threshold at Pt=1.5 GeV/C

e 96 1+ O 1% (Ll ’rr'lgger')

; 2 5 ahs pT(GeVich

CDF Runll preliminary
8000 -

. —-+-r-r-1-+-|-|-[-r-1-|-|-r-r-1-1-1-r-r-[-

Silicon seleclion
53k signal evenis
width = 14.9 MeV

3.4

pp mass [GeV]
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@ SVT performance

SVT Tmpact Parameter distnibution

1o B &= 48 |um (includes 33um boam spe)

| » L.P. resolution as planned

;‘““_' Sd:48n‘m:35I’TmA33le

& 600 . .. /

% intrinsic D°® Kp used as

= transverse beam size online monitor of the
hadronic SVT triggers

=

200 |
-1 D05 0 005 0l Feb/27 /2002 1 L=1.3 pb™

d, (em) D° le 7T (Onlline)
> Efficiency o i
: S/B » 1

CDF Run 2 Preliminary

T T
1.8 1.9 2

Kt Mass (GeV/ic)

o4



TOF performance

» TOF resolution (110ps) within

10% of design value

Background reduction in] ® KK:

Low Pt (< 1.5 GeV/c) track pairs
before and after a cut on TOF
kaon probability

x20 bkg reduction, 80% signal efficiency °4

p(K")<1.5 GeV/c (no PID) |

2

()]
o
o
(=

- JLdt: 1.5pb"

Entijes per elVic
wesper LM
S S
S S

with
TOF

3000~ PI D
o S/N =1/40 >
i N(o) = 2354+ 325
ool N(bkg) = 93113
G_x [PYRRNTYN Y TN NN T TN NN SN SN NSNS N N T A !
096 098 1 102 104 106 _ 108 .1
MK*K) (GeVic)

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001

C\I—\ _
S 1.4
> L
g —
- 12|
oy
[sa ]
=
S :
0.8
06 K
0.4
T
2 15 -1 0.5 0 05 1 15 2
Momentum (GeV/rc)
| p.(K)<1.5 GeV/c + PID |
~ 600
S J‘ ¥
s [ | Ldat=1.5pb /N = 1/ 5
E.‘SGG* S - 2.
& | /At/o,<3
0n
£ 400—
|
300[—
s00—  mrETT
- N(¢) = 1942+ 93
o0l N(bkg) = 4517

PR TSI PR SR TR T WA SN AN TN SO N TN TR N N SO S
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0.96 0.98 1 1.02 1.04 1.06 1

108 }.1
M(K*.K') (GeV/c®)
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Ewvernt=s5 Mlewyc
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e
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ii
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=

COF Fum | Prefmiary U(H(wjdlzﬁﬁev.

(
8 2% 0 3.1§ 1835

Wi el

CDF J/y cross section

Ewve rt=s5 M el =

1300} W

=
—
T

=
—
—

2|:[][]ti[JF Fun Prehrnmry 5ﬂ<P1|]Ju]<ﬁ ﬁGﬂ.
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f

M2 i EHLj i35

W Gell

PRl gl

1551460 Eirs
Luoy =387

Evwernt=ss5 Mlews s

0
@5 30 3.& 151

T

. Brid/y—pp) nb/(GeVic)

do/dp(y|<0.6)

O<pt<0.25 GeV 5.0<pt<5.5 GeV 10.0<pt<12.0 GeV

100

CDF Run Il Preliminary

T T | T
75
50

25

& Data with stat. uncertainties

—— Systematic uncertainties

0
0

p-(Jiy) GeVic

s(pp—Jly; p+>0; |y|<0.6) =240 % 1 (stat) £35/28(syst) nb
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@ BO, mixing: expec‘l'a‘rlons with 2fb-!

B.® D,p, D;ppp = Dm_t (B%)
Ds ® J P, K*K’ PPP Cambmedflamrtag

21 Signalfbackground

P Layer 00 + TOF
WM e Layer 00

» Signal: 20K (f p only) - 75K (all) even’rs
= s IR

» with SVT hadronic trigger b x 1 . o A—
s BR(Dsp)=0.3%;BR(Dsppp)=08% 10 %

S

0

Significance (5}

» Resolution: 8
+ s(ct) =45 fs (with Layer00) 6 :
eD? = 11.3% (with TOF) 4
> S/B: 0.5-2 (based on CDF I data) 2 . R
EEEEEEN |H|r':|'“1':‘1=*--|:-]-a+_ L 1|
(S X )2 1 1 5+B (Dmsst) : 25 50 75 100
> NeD* S 2
5s sensitivity up to: S.M. allowed range: 20. < X5 < 35.
Xs = 63 (S/B = 2/1) Can do a precise measurement
Xs = 53 (S/B = 1/2) or evidence for new physics |

Y uri Gotra DIS 2003 S/




‘Pr'ojec'rions for xs reach with 2fb-!

20
18
16
14
12
10

Significance (o)

(e I A R * 2 @ ¢

Optimistic: S/B =2/1

N N". Baseline CDF

Combined flavor tag
\A 2/1 Signal/background

v — Layer00+TOF

25 50 75 100

Xs = 42-63 .

S

Significance (o)

20
18
16
14
12
10

(e I G I 2 @ ¢

Conservative: S/B =1/2

,,,,,

CDF + TOF + Layer 00
Combined flavor tag
1/2 Signal/background

—— Layer 00 + TOF

Layer 00

PRI | 2 i
Baseline CDF

50

Xs = 32-53

[3.5

100

X

S

MC simulation: accounts also for SVT cuts on proper time acceptance,

non-Gaussian tails in proper time resolution function
Y uri Gotra- DIS 2003
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@ sin(2b) in B@ J/y K, /A Om/ome

Acp(t) = NEXN - NE) -D>sm(2b)>sm(Dmd

N(EO)(t) + N(BO)(t) .
: 5 ';-".:.:.:::’:;:‘::‘:‘::‘:“: d
In Runl measured: B°® J/y K;; J/y ® nm & E
sin(2b)=0.79+0.39+0.16 (400 events) - |
sin(2b)=0.91+0.32+0.18 (+60 B°® y (25) K,) ' |
With 2fb! can refine this measurement
Although: no way to compete with B-Factories | - N
N(Jly Ks) from scaling Run | data: Stat. Error:
+ x 20 luminosity 8,000 d (sin(2b)) » /7
- x 1.25 tracks at L1 trigger 10,000
* X 2 muon acceptance 20,000 Expec’r: s(sin2b) » 0.05
* Trigger on Jy ® e*e + 10,000 0 Bxs |
. tematic ~ 0.5xStatisti
Combined eD2: from 6.3% t0 9.1% (Kaon b-tag)’ " oo = 9.9xStatistica

(scales with control

— sample statistics
Same S/B =1 Y uri Gotra- DIS 2003 P ) 59



@ Disentangling B°® h*h-contributions

USC Mpp VS a= (1 pl/pz))ql 35|:":'CDF Runll Preliminary

o F § ‘D> D"x separation=1.16 ¢
:2B%® Pp | 3 : |5 3000 D’> Kn
: 1T - 12 - (Pt>2GeVic) |
' " 18 2500
|E K
oo 1% 2000
S B - 1500
;B ®KK i3 3 i
! o : 3 1000}
500
R -
Expec’red fr'ac'rlon res. (MC >>65 pb 1) dE/dx [ns]
B, ® Kp(0.6): + 0.062 (stat)
B° (®pp(0.15): + 0.056 (stat) Use K/p separation
BO.®KK(0.2): + 0.045 (stat) dE/dx 1.16s

B ®Kp(0.05): + 0.036 (stat)
A(B%, ® Kp): +0.14 (PD6-2002: +0,806)
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@ B Flavor Tagging ...

"Identify the flavor of B at production”

2. Decay length f

OST (opposite side tagging):

B's produced in pairs = measure flavor of opposite B

JETQ: sign of the weighted average charge
of opposite B-Jet

SLT: identify the soft lepton from
semileptonic decay of opposite B

SST (same side tagging): _
B (B?) is likely to be accompanied close by a p* (p) g} BO
Search for the track with minimum P, REL ‘S'} p*

u

Figure of merit: eD? “tagging effectiveness’ » 2%

e =tagging efficiency ; D ="Dilution” = 1 — 2Pnisag

Effective size of sample is reduced by eD?
Yuri Gotra- DIS 2003 61




@ NEW at CDF: "Kaon b-taggers”

» Exploit K/p separation of new TOF

) b, B
- Well suited for strange B mesons - s} B%
: L= . . s K+
Same Side K: a B, (B%) is likely to be accompanied u } K
close by a K* (K') from fragmentation o

OppOSiTe Side K: due to b®c®s it is more likely that a B meson
_contains in final state a K- than a K*
P to identify a B% look for a K- from the decay of the opposite B

Run Il Projections

B->JyK, |B,~>Dp
SST 1.9% 4.2% (TOF)
SLT [|1.7% 1.7%
Kaon |2.4% 2.4%
Tota |9.0% 11.3%

Y uri Gotra- DIS 2003
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T, B Flavor Tagging

43 5000

-Statistical uncertainty for tagging
efficiency

-A typical tagging: e=0.1, D=0.4,
eD?=1.6%

-1000 events: eD?=1.6+0.7% (44%) .
-100K events: eD2=1.60+0.07% (4.4%)

‘We can't study/optimize the flavor
tagging with ~O(1000) events of the

r 10 MeVid

4000

pe

Entries

3000

T000

CDF Run-Il Preliminary

2 25 3

4 GeV lepton+SVT (80 pb™')

No charm contamina

R e

/ ., |
3.8 4

ritalrs ubhnA

tion

B signal events
—B - JyK: ~1000 events/100pb?! .

=]

Le,ofon;rSVT mass (GeVic 2)

-B- Dp ~500 evenTS/lOOpb‘l :i‘zﬁooo
-Solution: Use Semileptonic B oy
decays in the lepton + track dataset ‘s

- ~200K semileptonic B signal 20000

events 15000

= ngh B pur‘lTy 10000

- Lepton Charge = Decay flavor of B s

CDF Run-ll Preliminary

4 GeV lepton+SVT (80 pb™')
2<M(,SVT) < 4 GeVA:2

~200,000 semileptonic b decays

%

—

Y uri Gotra- DIS 2003

5 G (o T PR R S I N RN |
0.05 a1 015 0
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b
t
P > * = P
/ W+ i-r q
x LT TP
A <
v, a’
[Deca'_.,r nmdes]
[anching raiius]
SM [ CKM matrix element I‘u’tbﬂ

[ Rare decays
t->Zc/%Ye, t->WZb,

N0r1-5+I‘.-'1 decays
t>H*, t->t,..

Y uri Gotra- DIS 2003

New Physics ?

3

Top Properties

»Top pairs: S(it) ~ 8 pb

*W helicity in top events
*{-tbar spin correlations
*Top Py
* QCD tests
*Top Drell-Yan via ds/dM of tt
*New physics in X® {t
* Anomalous couplings,
new particles

»Single top: S(tb) ~ 3 pb

® |V |
* QCD tests
* New physics?
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Top production numbers

Run 1 Run 2a
CM Energy (TeV) 1.8 1.96
Lgcm'2 st 2x1031 2x103%
L(fb™Y) 0.11 2.0
s(tt) (pb) 5.0 7.0
s(singletop) (pb) 2.5 3.4
Ngtt) produced 500 14000
N(singlet) produced 250 7000
N(tt- >dilepton) 150
N(tt- >[+3]j) (1tag) 1400
N(tt- >I+4)) (2tags) o 600

Y uri Gotra- DIS 2003
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@ |+jets channel BACKGROUNDS

CDF Il preliminary

Al : ! [ mistags
] Wbb
35 ] Wece
B non-W
30 B We
B WWWZ7 -1t
25 [ Single top

[] Totbkgd £ 1o

20 e Data(57.5pb™)

15

Number of tagged events

10

+

1 2 3 =4
Number of jets in W+jets
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